Abstract: Two metrically defined subspecies have traditionally been recognised within the Palaearctic distribution range of the Egyptian fruit bat Rousettus aegyptiacus; the larger R. a. aegyptiacus in Egypt and the northern part of the Middle East and the smaller R. a. arabicus in the southern Middle East. An extensive material of R. aegyptiacus from all parts of this area, i.e. the Levant (incl. Turkey and Cyprus), Egypt (incl. Sinai), northern Sudan, Yemen, Oman, Iran, and Pakistan, as well as comparative samples from its sub-Saharan range, were tested using both morphological and genetic approaches in order to revise the species' taxonomic status. The results indicated two possible processes, depending on the method used. Genetic analysis of the mitochondrial genome (nd1 and cytb) indicated low variation (< 2.0% of genetic distance) and lack of geographical structure while morphometric analysis indicated significant metric differences. Two basic size morphotypes were found within the Palaearctic range, with a rather mosaic-like geographical distribution and a lack of clear size distinction between the two categories, though intermediate types were detected. Thus, we suggest that all Palaearctic populations of R. aegyptiacus represent one form, the nominotypical subspecies, which is uniform in genetic traits but plastic in metric traits.
Introduction
The Egyptian fruit bat, Rousettus aegyptiacus (Geoffroy, 1810) , is the only member of the Pteropodidae family that has the large part of its distribution range in the Palaearctic region ( Fig. 1) , and the only one whose type locality lies in the Palaearctic. Considering the distribution range, R. aegyptiacus is mostly an Afro-tropical species, which reaches the southwestern part of the Palaearctic in the Middle East (Juste & Ibañez 1993; Bergmans 1994; Kwiecinski & Griffiths 1999) . In sub-Saharan Africa, it occupies areas around the Gulf of Guinea from Senegal to western Angola (including some islands in the Gulf) and savannah regions of south and east Africa from the Cape to Eritrea. In the Palaearctic, R. aegyptiacus occurs in Egypt and northern Sudan as well as in broad areas along the sea coasts of the Middle East, from south-western Turkey and Cyprus along the Levantine and Arabian shores up to southern Iran and Pakistan (Bergmans 1994; Benda et al. 2011) . The Palaearctic range (here considered as Egypt, northern Sudan and the whole Middle East, as well as southern Pakistan) is reported to be isolated from the sub-Saharan African range by the Red Sea and desert areas of north-eastern Africa.
The north-eastern Mediterranean represents the northern margin of the species' distribution range (Harrison & Bates 1991; Bergmans 1994; Benda et al. 2006 Benda et al. , 2011 .
The species' presence in the Middle East has traditionally been seen as something of an enigma as it is the only offshoot of the family found beyond the tropics. The species' occurrence depends upon continuous all-year-round availability of fruit, which is strictly related to anthropogenic plant cultivation over the vast majority of the Middle East and has undergone numerous dramatic spatial and temporal fluctuations. Despite this, the species is reported as exhibiting clear patterns of geographic phenotype variation that correspond with the variation pattern displayed over the rest of its range (Bergmans 1994; Kwiecinski & Griffiths 1999) .
R. aegyptiacus is regarded as a polytypic species, with four subspecies recognised within its continental Afro-Asian range, i.e., R. a. aegyptiacus (Geoffroy, 1810), R. a. leachii (Smith, 1829) , R. a. unicolor (Gray, 1870) , and R. a. arabicus Anderson, 1902 (Eisentraut 1959; Hayman & Hill 1971; Bergmans 1994; Koopman 1994; Kwiecinski & Griffiths 1999; Simmons 2005) . In addition, Juste & Ibañez (1993) described two subspecies from two islands in the African Gulf of Guinea; c 2012 Institute of Zoology, Slovak Academy of Sciences R. a. princeps from Principe and R. a. tomensis from São Tomé.
Traditionally, two subspecies of the Egyptian fruit bat have been considered as meeting in the Middle East (Eisentraut 1959; Bergmans 1994) , based on evidence of two distinct size categories occurring in two distinct ranges: the larger form, R. a. aegyptiacus, living in Egypt and the eastern Mediterranean (type locality: Great Pyramid of Giza, Egypt; restricted by Anderson 1902) , and a smaller form, R. a. arabicus, living in southern Arabia and southern parts of Iran and Pakistan (type locality: Lahej near Aden, Yemen) (Eisentraut 1959; Harrison 1964; Corbet 1978; Harrison & Bates 1991; Bergmans 1994; Koopman 1994; Kwiecinski & Griffiths 1999; Horáček et al. 2000) . , however, in describing the first evidence of R. aegyptiacus populations in desert oases of Sinai, found that Sinaitic fruit bats conformed in body size almost completely with comparative samples from Yemen and Iran (R. a. arabicus), and only partly overlapped with those from the Levant and Lower Egypt (R. a. aegyptiacus). reported that the dimensions of south-Jordanian R. aegyptiacus samples were intermediate between the two Mediterranean (Levantine) and desert (Sinaitic) size-morphotypes and, therefore, they suggested that a continuous cline shift in size existed between the respective regions of the eastern Mediterranean. On the other hand, preliminary comparisons of mitochondrial genes, though based on a few samples only ), showed very small genetic differences between R. aegyptiacus populations over the whole Middle East (from Cyprus to Iran). This tends to indicate a discontinuous geographical arrangement of variation categories, rather than two metrically and geographically distinct subspecies sensu Bergmans' (1994) revision. Hence, speculated that rearrangements in body size could have occurred over the course of just a few generations and represent adaptive changes rather than evidence of phylogenetic differences between geographically separated populations.
Over the last two decades, numerous new records of R. aegyptiacus have been obtained from the Middle East and north-east Africa (Benda et al. 2011) , which provides an opportunity to re-examine patterns of geographic variation and interrelationships between local populations in the Palaearctic. Using both morphometric and genetic approaches, the present paper reports on the first results of this process, with particular focus on the taxonomic arrangement of the species within this part of its distribution range.
Material and methods

Morphological analysis
We compared morphological (morphometric) skull and forearm data from museum specimens covering all parts of the Palaearctic distribution range of R. aegyptiacus (Fig. 1) , including most of the type material and several comparative specimens/taxa from the species' sub-Saharan range and from its Oriental promontory (Pakistan). See Appendix 1 for a detailed list of the material examined (see below for abbreviations used).
Specimens were measured with a mechanical calliper using standard methods according to e.g. Benda et al. (2004) . Statistical analysis of the morphometric data was performed using Statistica 6.0 software. Principal component analysis (PCA) was used as a test of the importance of skull size and, in particular, skull dimensions for intraspecific variation. Sexual dimorphism was tested using the t-test and one-way analysis of variance (ANOVA). Cluster analysis (unweighted pair-group average, Euclidean distances) was used to evaluate size similarities among representatives of particular populations within the distribution range.
Molecular genetic analysis
Molecular genetic analysis was based on 79 R. aegyptiacus samples from the northern and southern parts of the Palaearctic range (one to four samples per site), with 44 samples from 27 sites in the northern regions (Egypt, northern Sudan and the Levant, including Cyprus, Turkey and Sinai) and 35 samples from 21 sites in the southern regions (Yemen, Oman and Iran). Several samples from African sub-Saharan populations were also added (17 samples from specimens originating in Senegal, Ghana, Gabon, Ethiopia, Kenya and Malawi). See Appendix 2 for detailed data and details of origin for the material examined.
Total genomic DNA was extracted from the tissue samples using the Nucleospin 96-well tissue kit (MachereyNagel, USA) or the JetQuick DNA extraction kit (Genomed, Germany). Nicotine-amid dehydrogenase 1 (nd1) and cytochrome b (cytb), two mitochondrial (mt) genes, were amplified via Polymerase Chain Reaction (PCR) using ER65 and ER66 primers (Petit et al. 1999 ) and L14724 and H15915 primers (Irwin et al. 1991) , respectively. Each PCR volume contained 12.5 µl Combi PPP mix (TopBio, Czech Republic), 2 µl of a 10 µM solution of each primer, and 2.5 µl of isolated DNA solution. The PCR began with initial denaturation at 94 • C for 5 min. Amplified products were purified using either the JetQuick PCR purification kit (Genomed, Germany) or commercially by Macrogen Inc. (Seoul, Korea) . The latter company also sequenced all PCR products with the respective forward primer on an ABI 3137 XL sequencer using the BigDye sequencing kit. Sequences were checked for ambiguities and edited in Sequencher (Gene Codes, USA), then aligned manually in BioEdit (Hall 1999) . For reconstruction of phylogenetic trees, sequences were narrowed to unique haplotypes. Sequences of Rousettus lanosus Thomas, 1906, and Lissonycteris angolensis (Bocage, 1898) were used as an outgroup (Appendix 2). Phylogenetic trees were computed in PAUP* 4.10b (Sinauer Associates, USA) using maximum parsimony (MP) and neighbour-joining (NJ). Characters were equally weighted and unordered during MP analysis, while distance in NJ analysis was based on the Kimura two-parameter (K2p) evolutionary model (Kimura 1980) . K2p distances were also used for expressing genetic difference among haplotypes. Support for the branching pattern was assessed through 1000× nonparametric bootstrapping during MP analysis. Relationships among R. aegyptiacus sequences were also explored using the network approach in Network (Fluxus, USA) in order to recover structure among closely related haplotypes that may be in ancestor-descendant relationships and whose position in phylogenetic trees remained unresolved (Posada & Crandall 2001) .
Abbreviations Dimensions: LAt = forearm length (including wrist); LCr = greatest length of skull; LCb = condylobasal length; LaZ = zygomatic width; LaI = width of interorbital constriction; LaP = width of postorbital constriction; LaN = neurocranium width; AN = neurocranium height; CC = rostral width between upper canines (incl.); M 2 M 2 = rostral width between 2nd upper molars (incl.); CM 2 = length of upper tooth-row between canine and 2nd molar (incl.); LMd = condylar length of mandible; ACo = height of coronoid process; CM3 = length of lower tooth-row between canine and 3rd molar (incl.). Collections: BMNH = Natural History Museum, London, United Kingdom; IVB = Institute of Vertebrate Biology, Academy of Sciences of the Czech Republic, Brno, Czech Republic; JOC = Ján Obuch Private Collection, Blatnica, Slovakia; MSNG = Civil Museum of Natural History Giacomo Doria, Genoa, Italy; NMP = National Museum (Natural History), Prague, Czech Republic; ZFMK = Alexander Koenig Zoological Institute and Museum, Bonn, Germany. Other abbreviations: A = alcoholic preparation; B = skin (balg); df = degrees of freedom; f = female; F = F-value of ANOVA; m = male; M = mean; max, min = maximum and minimum range margins; P = probability (significance); PC = principal component; S = skull; SD = standard deviation; Sk = skeleton; T = t-value of t-test.
Results
Morphometric analysis
Morphometric comparisons revealed two basic size morphotypes among the population samples examined (Table 1). The dimension ranges of these groups overlapped only partially, with the largest skull measurements overlapping by less than 50% ( Variation in sexual dimorphism was noted within the Palaearctic R. aegyptiacus sample sets (Table 1) . While larger bats of the Levant and Egypt had less pronounced dimorphism, observed mainly in skull width (LaI, LaP, CC) and upper tooth-row length (CM 2 ), highly significant sexual dimorphism was detected in smaller bats from the southern Middle East and Sinai, mainly in skull length dimensions (LCr, LCb, CM 2 , LMd, CM 3 ) and a number of skull width measurements (LaZ, LaN, CC, M 2 M 2 ). Dimorphism in the majority of sample sets, however, was not highly significant (see the test results for PC1 in Table 1 and compare factor loadings of particular dimensions for both sexes in Table 2). Sexual dimorphism, therefore, does not appear to be a significant factor affecting the separation of samples into the geographically limited size morphogroups observed.
The mutual positions of the geographical sets were indicated through PCA of the 13 cranial dimensions (Fig. 3) . Samples along the 1st PC (affected mainly by size characters) were clustered into three groups, with larger bats from Egypt and the Levant (PC1 -2.0-0.5), smaller bats from the southern Middle East and Sinai (PC1 -0.9-2.0), and intermediate bats from Jordan (PC1 -0.9-1.2). Along the 2nd PC axis (presumably, less affected by size characters), however, there appeared to be no geographical variation (see Table 2 ). The percentages of variance, as well as the factor loadings for each sex, were very similar, suggesting similar levels of sex-biased influence affecting the separation of samples into geographical morphogroups.
UPGMA cluster analysis of cranial dimensions from 45 localities of origin for Palaearctic R. aegyptiacus samples, and for the eight comparative samples from sub-Saharan Africa and Pakistan (calculated from mean values of all dimensions from all specimens from the respective site), revealed similar pattern of geographical variation (Fig. 4) . As with the above comparison, the two basic size groups and one intermediate group were indicated; however, cluster analysis better illustrated the relationships observed (see Figs  4A, leschenaulti from Pakistan and Lissonycteris angolensis from Sierra Leone (type specimen of Rousettus smithii) and Uganda (including the type specimen of Rousettus angolensis ruwenzorii) was ranked as a sister group to the cluster containing all locality samples of R. aegyptiacus.
Molecular genetic analysis
We obtained 83 nd1 sequences and 68 cytb sequences for R. aegyptiacus from the species' distribution range. The sequences were assembled into a 520 bp alignment of nd1 and an 867 bp alignment of cytb. Nd1 sequences corresponded to 17 unique haplotypes and cytb sequences to 30 unique haplotypes (Appendix 2). These haplotypes were submitted to GenBank under accession numbers JX274443-JX274462 for nd1 (N1-N20) and JX274463-JX274497 for cytb (C1-C35), respectively. In the nd1 alignment, 25 positions were variable with nine sites parsimony informative. MP search analysis yielded one shortest tree (160 steps) with very short branches within the ingroup arranged in a comblike pattern, indicating shallow phylogenetic structure. Aside from 100% bootstrap support for the whole R. aegyptiacus ingroup, only two internal groups (which mostly contained the Middle Eastern haplotypes) were significantly supported, i.e., >70% support (Fig. 5) . In the cytb alignment, 80 positions were variable with 36 sites parsimony informative. MP search analysis yielded nine shortest trees (279 steps) with very short branches within the ingroup. Several haplogroups were consistently present in each recovered MP tree and significantly supported by bootstrap (Fig. 6) . R. aegyptiacus from Africa were represented by two haplogroups and a solitary haplotype, the remaining haplogroup containing samples from the Middle East. The topology of NJ trees for both markers basically agreed with the respective MP trees except for minor rearrangements for terminal taxa; the former, however, were used for presentation purposes due to clearer structure (Fig. 5) . Genetic divergence between R. aegyptiacus and the outgroup taxa ranged from 15.4-16.9% for both markers. Within R. aegyptiacus, nd1 divergences ranged up to 2.0% and did not provide much distinction to the shallow structure of the phylogenetic tree. On the other hand, cytb divergences reached values twice those for nd1, ranging up to 4.2%. Among the cytb haplogroups (see Fig. 6 ), that containing four haplotypes, from Malawi and Kenya, differed by 2.1-3.3% from the other haplogroup and the solitary haplotype from subSaharan Africa, and by 2.8-4.2% from the Middle Eastern haplogroup. The Middle Eastern haplogroup further differed by 1.8-2.7% and 1.3-1.6% from the former two sub-Saharan units. Variability within the Mid-dle Eastern haplogroup ranged from 0.1-0.6% and up to 1.2% and 2.0%, within the two sub-Saharan haplogroups.
The reconstructed nd1 haplotype network displayed a star-like pattern for the most frequent haplotypes (N1 and N2 extracted from more than 85% of specimens, plus five additional haplotypes -N3-N7) covering all four main geographic divisions, i.e., the northern (Turkey, Cyprus, the Levant and Sinai) and southern parts (Yemen, Oman and Iran) of the Middle East, and Egypt and sub-Saharan Africa (Senegal, Ghana, Gabon, Ethiopia and Malawi) (Fig. 5) . Most of the less frequent haplotypes formed a second group with a more complicated structure, including closed loops and missing haplotypes.
The cytb network displayed a similar star-like pattern for haplotypes from the Middle East and northeast Africa (Egypt and northern Sudan) (Fig. 6) . Contrary to the nd1 network, however, cytb haplotypes from sub-Saharan Africa (Senegal, Ghana, Gabon, Ethiopia, Kenya and Malawi) were placed separately, creating two distinct clusters and a solitary haplotype, i.e., the clustering corresponded with the recovered phylogenetic tree. As seen from both the phylogenetic tree and the network, substantial diversity is present in subSaharan Africa, while Middle Eastern and north-east African samples form a compact group with closely related haplotypes, three being present at high frequency throughout the area sampled (61.8% of the samples examined). Only two cytb haplotypes disagree with the clear separation of Palaearctic and sub-Saharan samples, haplotype C6 from Ethiopia representing a lineage of its own clustered close to the Middle Eastern lineage, and the C7 haplotype from Yemen clustered within the sub-Saharan lineage (composed of samples from Malawi, Gabon, Ethiopia, Ghana and Senegal).
Discussion
Previous studies have concluded that variation in body size is the most pronounced aspect of geographic variation in Rousettus aegyptiacus in the Palaearctic and that, in the northern part of the species' range, this is characterized by the appearance of two distinct size groups representing separate subspecies: a larger-sized form (R. a. aegyptiacus) in the northern Middle East and Egypt and a smaller form (R. a. arabicus) in the southern Middle East (see Eisentraut 1959; Hayman & Hill 1971; Bergmans 1994; Koopman 1994; Kwiecinski & Griffiths 1999; Simmons 2005) . Although, in general, the results of our study confirm this view, refining of geographic scale reveals patterns that tend to contradict it, with incongruent distribution of the respective size groups and/or a predominance of intermediate size characteristics over a considerable part of the species' Palaearctic range, stretching from Cyprus to Oman (see Fig. 4C ). The situation in the southern Levant suggests a cline shift in size between the larger Mediterranean morphotype (Turkey, Cyprus and Lebanon) and the smaller desert morphotype [southern Jordan, Sinai and, presumably, southern Israel (Zelenova & Yosef 2003; ]. In contrast, the small Sinaitic morphotype directly abuts a large morphotype (the largest of its representatives) in continental Egypt, where a very sharp step in size is evident. A further size shift might be expected along the Hijaz Range in western Arabia, from Jordan to Yemen, where individuals of intermediate body size (in the present sense) have previously been reported (see data by Nader 1975). However, very limited material has been examined from this extensive area (but see the discussion by Bergmans 1994: 103) . Despite general agreement with difference in body size between the marginal populations within the species' Palearctic range (Egypt and northern Levant vs. southern Arabia, Iran and Pakistan), the prevailing pattern of geographic size variation tends to suggest a mosaic pattern rather than continuous distribution of two more or less categorically delimited and broadly distributed phenotypes. Aside from the populations in continental Egypt and the easternmost parts of the Middle East (which only fit the model well), the situation is obviously more complicated in other regions, appearing to include numerous local specificities such as the effects of local habitat conditions (cf. ). In conclusion, our results provide little support for the traditional subspecific arrangement of the species in the Palaearctic, a situation further supported by the results of genetic analysis.
In general, we found very low levels of genetic variation in the mt markers studied and a lack of any robust phylogeographic structure throughout the distribution range of R. aegyptiacus (including the sub-Saharan regions). Identical haplotypes were found in very distant parts of the range, e.g. the nd1 haplotype N1 (found in 23 specimens or 27.7% of samples analysed) appeared in several populations over the Palaearctic range (Lebanon, Jordan, Sinai, Egypt and Yemen) as well as in Senegal. Similarly, haplotype N2 was found in extremely high numbers, appearing in 36 samples (52.9%) covering the whole Palaearctic range (all countries of origin except Syria) as well as sub-Saharan Gabon and Malawi. Other nd1 haplotypes, differing from each other by a single or few substitutions only (see Fig. 5 ), also showed quite extensive distribution, such as N3 (Lebanon, Jordan, Yemen and Oman) and N4 (Egypt and Yemen) .
Considering the mutual positions of the Palaearctic haplotypes, the pattern of genetic variation demonstrated by analysis of cytb haplotypes differed only slightly from that of nd1 (see Fig. 6 ). Three haplotypes were most widespread, while a number of adjacent variants differ by one or two substitutions only. The C1 haplotype was observed in 15 samples (22.1% of samples analysed) and found over almost the whole of the Middle East (Cyprus, Lebanon, Jordan, Egypt, Yemen and Oman), while C2 was found in 12 samples (17.6%) from Jordan, Sinai and Iran. The most widely distributed cytb haplotype was C3, found in 15 samples collected from north-eastern Africa (N Sudan and Egypt), eastern Mediterranean (Turkey, Syria, Lebanon and Jordan) and in Yemen. Although clear separation of the Palaearctic and sub-Saharan samples is obvious within the results of cytb analysis (unlike the nd1 results), two haplotypes disagree with this arrangement: one Ethiopian sample that clusters close to those from the Middle East and one Yemeni sample that groups with the sub-Saharan samples.
The above findings suggest three possible explanations for the evolutionary history of R. aegyptiacus:
(1) the genes examined (and especially nd1) are highly conservative and not informative for the history of the species; (2) there is an unstructured gene flow over the whole range, mediated by long-distance migrations (at least in females) interconnecting during historical time even the most distant parts of the range (e.g., Senegal to Lebanon, Malawi to Turkey, Cyprus to Oman, etc.); or (3) the contemporary Palaearctic range was colonised relatively recently from a geographically limited population, possibly of Afro-tropical origin.
The difference in phylogeographic signal for the two markers suggests putative validity of hypothesis (1), at least in the case of the nd1 gene. However, many other phylogenetic studies of bats have convincingly demonstrated a considerable degree of within-and between-species variation in the nd1 gene (see for example Mayer et al. 2007; Benda et al. 2004 and Gvoždík 2010) , often even higher than that for the more commonly used cytb gene. The relevance of this argument, and the low level of variation found in both markers, means that one cannot exclude the possibility that genotypic variation in pteropodid bats differs from that in microbats in general, as is the case for genome size (Smith & Gregory 2009 ). In connection with this, it is worth mentioning that Goodman et al. (2010) , when studying genogeographic variation in Rousettus madagascariensis Grandidier, 1928, one of the sister taxa of R. aegyptiacus, also found no phylogeographic signal in cytb sequences, and very shallow between-population distances (not exceeding 1.1%) throughout the 1,600 km distance between Madagascar and its neighbouring islands. Similarly, Chen et al. (2010) found unexpectedly low variation in mtDNA in fruit bats of the genus Pteropus Brisson, 1762 colonising islands in the Indian Ocean. In both cases, the extensive population mixing and continuous gene flow hypothesis, which could explain low genotypic variation, was refuted for lack of any direct support, i.e., no long-distance migrations were observed and the geographic distances between particular sample sites exceeded by a large degree the assumed dispersal capacity of the taxa concerned. Campbell et al. (2004: 774) , who found considerable incongruence between patterns of molecular and morphological variation in the Cynopterus brachyotis (Müller, 1838) species complex, commented on the unexpectedly low geographic variation in mtDNA in this clade using the following words: "we cannot determine whether the absence of genetic structure in the Sunda lineage is solely a consequence of the effect expected when source populations undergo rapid demographic expansion, or if variation has been further reduced by fixation of a positively selected mitochondrial haplotype via a selective sweep [. . .] . Thus, without comparison of nuclear markers, we cannot rule out the possibility that this lineage may have a significantly longer and more complex evolutionary history than that inferred from mitochondrial haplotype data." The surprisingly low genetic variation found in Palaearctic R. aegyptiacus could be commented on using identical words. An alternative explanation for the lack of phylogeographic signal in the Mediterranean could be based on the effects of recent expansion promoted by post-Neolithic spread of cultural fruit trees. In the case of the sub-Saharan range, however, such an explanation would necessarily have to rely on other mechanisms driving extensive range expansion and/or enormous vagility, i.e., qualities not known for the species and, with regard to its cavedwelling specialization, quite improbable.
In contrast to some other fruit bat species, such as Eidolon helvum (Kerr, 1792) from the Afro-tropics, therefore, there is no direct support for hypothesis (2) with regard to Rousettus aegyptiacus as regular mass long-distance migrations have never been observed for the species, despite its considerable capacity for movement (Tsoar et al. 2011) . Such a sedentary life history for R. aegyptiacus is also supported by the morphological record (see above).
Consequently, hypothesis (3) appears to be the most plausible explanation. The cytb phylogeographic signal appears to conform to a single invasion from Africa and subsequent multiple radiations in the Middle East, followed by episodic changes among populations of north-eastern Africa and south-western Arabia (as the findings of the Yemeni cytb haplotype in Ethiopia and African haplotype in the Middle East suggest; see Fig. 6 ). The latter two regions can be looked upon as Afro-Arabian transition areas that could serve as gateways for the original invasion as they currently represent the most closely situated parts of the sub-Saharan and Palaearctic parts of the species' range (Bergmans 1994; Kwiecinski & Griffiths 1999) .
As demonstrated elsewhere (see the review by ), the occurrence of R. aegyptiacus in the Mediterranean arboreal zone, as well as in oases of the Saharo-Sindian eremic zone, is strictly controlled by fruit supply in winter. In addition to the autochthonous carob (Ceratonia siliqua L., 1758) and date palm (Phoenix dactylifera L., 1753), fruit availability includes alien plants such as chinaberry (Melia azedarach L., 1753) (Korine et al. 1999) . The winter survival of R. aegyptiacus in this region, therefore, is closely dependent upon anthropogenic agricultural production; colonisation of the present Mediterranean part of the range being largely contingent on anthropic crop production in the post-Neolithic Holocene period (cf. Bergmans 1994) . Indeed, it appears highly probable that most of the species' present Mediterranean range was colonised during the Holocene period. Questions regarding the actual dynamics of the Holocene expansion, including whether R. aegyptiacus represents the apo-choric element of the Holocene in all regions within its Palearctic range or whether some areas were colonised by resident local populations prior to the Holocene radiation, cannot be answered at the present time. Up till now, no fossil record for R. aegyptiacus older than the Holocene is available in the Mediterranean Levant (Tchernov 1988 ) and further studies using more sensitive genetic markers are urgently needed.
This study suggests that the current taxonomic arrangement of Rousettus aegyptiacus in the Palaearctic should be revised and the traditional subspecific division refused. Following from this, all Palaearctic R. aegyptiacus populations should now be considered as representing one form, the nominotypical subspecies, which is uniform in its genetic traits but plastic in its metric traits. Unfortunately, the exciting questions regarding the origin, history and evolutionary dynamics of this unique biogeographic phenomenon, i.e., the Palaearctic offshoot of the Afro-tropical range of R. aegyptiacus, cannot be answered definitively at the present time. These issues need to be re-investigated using an extended line of further evidence and we hope that the present survey of geographic variation within the species has provided a reliable platform for such studies.
